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Results from more than 1,700 water wells sampled and test­
ed prior to proposed gas drilling in Susquehanna County, 
Pa., show methane to be ubiquitous in shallow groundwater, 
with a clear correlation of methane concentrations with sur­
face topography. 

Specifically, water wells located in lowland valley areas 
exhibit significantly higher dissolved methane levels than 
water wells in upland areas, with no relation to proximity 
of existing gas wells. The correlation of methane concentra­
tions with elevation indicates that, on a regional level , elevat-
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ed methane concentrations in groundwater are a function of 
geologic features, rather than shale gas development. 

Technical literature and historical publications confirm 
the presence of methane gas in natural seeps and water wells 
in this region for many decades, long before shale gas drill­
ing operations were initiated in 2006. 

Potential sources of this naturally occurring methane in­
clude thermogenic gas-charged sandstones in the Catskill 
formation, which are tapped by most water wells in this re­
gion. These sandstones exhibit an extensive network of frac­
tures, joints, and faults that serve as principle conduits of 
groundwater flow and potential pathways for the movement 
of shallow-sourced dissolved methane. 

Biogenic methane, which is produced by the natural de­
composition of organic material within thick valley alluvium 
and glacial drift deposits in the area, may also be found in wa­
ter wells that draw water from shallower sediment deposits. 

The source of this dissolved methane is important with 
regard to understanding the potential effects of ongoing 
shale gas development and the appropriate measures for pro­
tection of water resources. 

---~~ 

Methane concentration, ppb --- Township boundary 

o <0.1 ·-·- County boundary 

0 0.1-100 

0 100-1,000 

0 1,000-10,000 

0 >10.000 

c 0 n t 

·-· _..J..._ 

Miles 

Km 

6.2 

10 

FIG. 1 

*Shows dissolved methane concentrations from 1,713 1'predrill" water wells sampled in Susquehanna County, Pa. /_ Lackawanna County ....;... ____ _ 

54 Oil & Gas journal I Dec. 5, 2011 

DIM0190161 DIM0190161 



------------------------------- EXPLORATION & DEVELOPMENT 

In 2009 and 2010, the Pennsylvania Department of Envi­
ronmental Protection (DEP) conducted stable isotope analy­
ses of methane in gas wells and water wells in Susquehan­
na County, which indicated that the isotopic signature of 
thermogenic gas from Upper and Middle Devonian deposits 
overlying the Marcellus shale can be distinguished from that 
of Marcellus shale gas. 

The ability to distinguish between 

This finding indicates that the methane samples analyzed 
in the Duke study could have originated entirely from shal­
lower sources above the Marcellus that are not related to hy­
draulic fracturing activities. 

The apparent misinterpretation of the origin of the ob­
served thermogenic methane underscores the need for a 
multiple lines-of-evidence approach for proper characteriza-

different formation gases has impor­
tant implications with regards to the 
findings of the recent study by re­
searchers from Duke University, 1 

which suggested that the thermogenic 
signature of elevated methane concen­
u·ations in water wells in Susquehanna 
County was consistent with an origin 
in deep shale gas deposits , such as the 
Marcellus and Utica formations, that 
are currently targeted by hydraulic 
fracturing activities. 

TRANSECT OF WELLS IN FIG. 28 CROSS SECTION FIG. 2a 

The present study, however, shows 
that the isotopic signatures of the Duke 
study's thermogenic methane samples 
were more consistent with those of 
shallower Upper and Middle Devonian 
deposits overlying the Marcellus shale. 
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HISTORIC LOCATIONS OF GAS SHOWS AND GAS FIELDS IN NORTHEASTERN PENNSYLVANIA FIG. 3 
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tion of methane gas sources , with careful integration of the 
relevant geologic, historical, well construction, and isotopic 
data. 

Methane in Susquehanna County groundwater 
From May 2008 through 2009, in accordance with current 
Pennsylvania DEP guidelines , Cabot Oil & Gas Corp. col­
lected water samples from all existing water wells within 
1,000 ft of proposed gas well drilling sites. 

and background survey show methane to be nearly ubiqui­
tous in water wells in this region, with over 78% of the water 
wells exhibiting detectable methane concentrations. In Fig. 
l, dissolved methane concentrations have been plotted on a 
Light Detection And Ranging (LiDAR) bare-earth elevation 
map. 

From 2010 to the present , the sampling program was ex­
tended to include all water wells within 2 ,500 ft of proposed 
gas well drilling sites in anticipation of revised Pennsylvania 
DEP guidelines. 

Collectively, these samples were submitted for "predrill" 
analysis of water quality parameters including concentra­
tions of dissolved gases (methane, ethane, propane) and gen­
eral chemistry analyses pertaining to primary and second­
ary drinking water standards. 

Cabot also collected an extensive background set of wa­
ter samples in an 80 sq mile area in Brooklyn, Harford, and 
Gibson townships in 20ll for analyses of dissolved gases. In 
total , these 1,713 measurements (dating from 2008 through 
20ll) provide a baseline characterization of groundwater 
conditions prior to proximate oil and gas drilling, hydraulic 
fracturing, or production activities (Fig. l). 

The results of the extensive "predrill" water well sampling 
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The spatial distribution of methane concentrations shows 
a clear relationship with surface topography, with measur­
ably higher dissolved methane concentrations in water wells 
located in valleys (topographic lows) relative to upland areas. 

To support statistical analysis , LiDAR digital elevation 
models and the USGS National Hydrography Dataset (NHD) 
have been used to characterize water well locations in val­
leys (defined as the area within 1,000 ft of a major NHD 
flowline, i.e. , major drainage, and 500ft of minor tributaries 
to NHD flowlines) or uplands (greater than 1,000 ft or 500 
ft from a major or minor drainage, respectively). 

Although only 51% of the sample locations are in the val­
leys, valley wells represent approximately 88% of the wells 
containing dissolved methane concentrations in excess of 
7,000 ppb (the current methane action level for water wells 
established by the Pennsylvania DEP) . In addition , a Krus­
kal-Wallis one-way analysis of variances shows a statistically 
significant difference between methane levels in lowland 
(841 locations) vs. upland water wells (872 locations) (p­
value <0 001). 
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ORGANIC SEAMS IN CATSKILL SS, MESHOPPEN ELK LAKE QUARRY ~G. 4 
in water well samples exhibit no rela­
tionship to existing gas production ac­
tivities. Specifically, a Kruskal-Wallis 
one-way analysis of variance, compar­
ing dissolved methane concentrations 
at locations within 1 km of the near­
est drilled gas well (527 water wells) 
to concentrations at locations greater 
than 1 km from the nearest gas well 
(1,186 water wells), shows no statisti­
cally significant difference between 
these populations (p-value = 0.4). 

(While the Kruskal-Wallis test does not require normally 
distributed populations, equal population variances are as­
sumed. Consequently, a Box-Cox variance-stabilizing trans­
formation , based on Levene's test, was performed on the 
data set prior to analysis.) 

The results of these statistical analyses are supported by 
testimony from water well drillers in Susquehanna County, 
who note that water wells with gas shows are most com­
monly observed in valleys 2 

Similar conditions were observed in a study by the US 
Geological Survey in West Virginia in 1997-2005, where 
data sampled from 170 water wells found methane concen­
trations exceeding 10,000 ppb to occur only in wells located 
in valleys and hillsides, rather than hilltops 3 

Susquehanna County has been the focus of extensive 
natural gas development in recent years, with 303 gas wells 
drilled from july 2006 to September 2011.4 

The water well dissolved methane concentration data 
presented in our current study were collected "predrill," i.e., 
prior to nearby drilling activities; consequently a relation of 
these dissolved methane concentrations to gas production 
activity would not be expected 

Nevertheless, the data have been evaluated for a possi­
ble relation to drilling activity by subdividing the data set 
of water wells sampled through 2011 into locations in "gas 
production areas" (conservatively defined as the area with­
in 1 km of gas wells drilled prior to 2011) and locations in 
"nonproduction areas" (i.e., no gas well drilled prior to 2011 
within 1 km) 

Based on this comparison, the methane concentrations 
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The records of the Pennsylvania 
DEP indicate that an additional 84 gas 
wells were drilled in January-Septem­
ber 2011. As a second conservative 
check, we have repeated this statis­
tical analysis using all gas well drill­
ing locations through September 2011 
(some of which may have been drilled 
after the water well samples were col­
lected). This analysis was also found 
to show no statistically significant dif-
ference in dissolved methane between 

production and nonproduction areas (p-value >0.9). 
This observation echoes that of a November 2011 study 

by the Center for Rural Pennsylvania,5 which sampled 48 
water wells in Pennsylvania at varying distances (284-2 ,500 
ft) from gas wells both before and after drilling and fractur­
ing activities, and found no significant relationship of meth­
ane concentrations to distance from a gas well. The corre­
lation of elevated methane concentrations with topography, 
rather than oil and gas operations, suggests an origin rooted 
in the underlying geology of northeastern Pennsylvania. 

Geologic conditions in Susquehanna County 
Understanding the geologic and hydrogeologic context of 
Susquehanna County is important for determining the 
source of elevated methane gas concentrations observed in 
lowland water wells (Figs. 2a and 2b). 

Susquehanna County is in the northeastern Appalachian 
basin, an area characterized by Paleozoic sedimentary rocks 
including organic-rich shales , siltstones, sandstones, and 
carbonates deposited in marine and fluvial environments. 

These formations frequently contain "thermogenic gas ," 
which formed from the burial of entrained organic mate­
rial at sufficient temperatures and pressures within the earth 
to generate hydrocarbons abiotically. These thermogenic 
sources are distinct from "biogenic" methane, which forms 
from the biodegradation of organic material in the shallow 
subsurface, such as in alluvial and glacial drift deposits. 

Most of the sedimentary shale deposits currently being 
developed for shale gas in the Appalachian basin formed 
during the Devonian period, subdivided by age into the Up-
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per Devonian (359 million to 385 mil­
lion years ago), Middle Devonian (385 
million to 398 million years ago), and 
Lower Devonian (398 million to 416 
million years ago) epochs 6 The char­
acteristics of the principal geologic 
strata, and associated groundwater re­
sources, beneath Susquehanna Coun­
ty are as follows, in order of increasing 
depth: 

LOCATIONS OF 14 WATER WELLS SAMPLED BY PA DEP AND CABOT FIG. 5 

1. Quaternary. 
Glacial drift and alluvium. 
Surface geology is dominated by de­

posits of glacial drift (glacial till and 
outwash) and Quaternary alluvium, 
including sands, silts, clays, peat, and 
gravel.7·10 

These deposits typically range from 
tens of meters thickness in valleys and 
drainages to a few meters on mountain tops11 A limited 
number of water wells are completed in this stratum; how­
ever, drilling logs show that most water wells extend into the 
underlying sandstone bedrock12 

2. Upper Devonian. 
Catskill formation. 
The Catskill formation, consisting of sandstone, shale, 

siltstone and conglomerate, underlies the surficial deposits. 
The Catskill formation outcrops on ridgetops in the majority 
of Susquehanna County (with the exception of the northern 
and northwestern portions of the county), and is roughly 
1,800 ft thick 9 The Catskill contains numerous sandstone 
beds that are water-bearing and is the primary aquifer ac­
cessed by local water wells, which are usually completed 
through glacial drift and alluvium into the unconfined aqui­
fers of the Catskill formation at typical depths of 200 to 400 
ft.12·15 

In Susquehanna County, groundwater flow in the Catskill 
sandstone is primarily controlled by fracture flow through 
secondary porosity, 16 with overall regional groundwater flow 
moving from north to south17 Most water wells completed 
in the Catskill formation contain casing with only limited 
grouting, and are unsealed so as to draw groundwater from 
multiple water-bearing horizons and-or fractures 12 

Loch Haven formation. 
The Catskill formation is underlain by the Lock Haven 

(formerly Chemung) formation, comprised of interbedded 
units of sandstone, siltstone, and shale. The Lock Haven for­
mation outcrops in the northwest and northern parts of the 
county and has been shown to contain brackish water. 13 15 

The Bradford sands, a locally known subdivision of the 
lower Lock Haven formation, is comprised of abundant 
sandstone deposits. 

Brallier (Elk) formation. 
Upper Devonian subsurface units beneath the Lock Ha-
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ven include the Brallier, locally known as the Elk formation , 
and the Trimmers Rock formation in northeastern Penn­
sylvania18 The Brallier and Trimmers Rock formations are 
comprised principally of interbedded sandstone, siltstone 
and shale. 

3. Middle Devonian. 
Tully limestone. 
The Tully limestone, a fossiliferous calcareous shale, un­

derlies the Lock Haven formation. 
Hamilton Group (Mahantango formation and Marcellus 

shale). 
Middle Devonian formations of the Hamilton Group can 

be found beneath the Tully limestone. These include the Ma­
hantango formation, consisting of laminated shale, siltstone, 
sandstone, and claystone, and the carbonaceous Marcellus 
shale, which is located at the base of the Hamilton Group. 

The Marcellus shale is currently the target of shale gas ex­
traction throughout the Appalachian basin and has been es­
timated to contain as much as 84 tcf of gas 18 The Upper De­
vonian Catskill and Lock Haven formations have also been 
historically explored and drilled for oil and gas, although these 
shallow gas zones are not presently considered economical. 

Table 1 summarizes numerous published records of gas 
shows in water and oil wells drilled into the Catskill and 
Lock Haven formations in Susquehanna County and sur­
rounding areas over the past 200 years. For example, an oil 
boring described in an 1881 publication was reported to 
have encountered substantial amounts of gas while drilling 
to a depth of 680 ft within the Catskill formation 20 

In addition, the Pennsylvania Geological Survey's 1922 
publication "The Oil and Gas Fields of Pennsylvania" de­
scribes several instances of known shallow hydrocarbon 
production less than 2,100 ft beneath the surface in the 
Catskill formation in Wyoming County, directly to the 
south of Susquehanna County. 21 Numerous other instances 
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LIST OF HISTORIC GAS SHOWS AND GAS FIELDS IN THE CATSKILL AND LOCK HAVEN FORMATIONS Table 1 

Date Location Description of gas show Total depth, It Formation 

1825 Susquehanna County, Pa. Bubbles of gas observed in Salt Spring with flash-like powder if 
touched with fire. n/a Catskill 

1881 Susquehanna County, Pa. "Plenty of gas was found." 680 Catskill 
1882 Wyoming County, Pa. Flow of gas heard from some distance. n/a Catskill 
1882 Wyoming County, Pa. Flow of gas. 2,089 Catskill 
1873 Susquehanna County, Pa. Inflammable gas encountered at 525ft. 

Inflammable gas observed coming from bed of creek. 780 Catskill 
1903 Susquehanna County, Pa. Gas seep at surface. n/a Catskill 
1908 Susquehanna County, Pa. Gas encountered. 400 Catskill 
1922 Narrowsburg County, NY Gas encountered. 800 Upper Devonian 
1939 Bradford County, Pa. Water contains natural gas. 300 Lock Haven 
1939 Bradford County, Pa. Natural gas bearing water. 412 Lock Haven 
1939 Bradford County, Pa. Reported to contain flammable gas. 600 Lock Haven 
1939 Bradford County, Pa. Water contains flammable gas. 138 Lock Haven 
1939 lioga County, Pa. Well yields natural gas. 411 Lock Haven 
1956 Harveys Lake field , Pa. Methane gas. 2,800-2,900 Lock Haven/Trimmers Rock 
1957 Susquehanna County, Pa. Methane gas reported at 522ft. 1,075 Catskill 
1959 Chemung County, NY Contains natural gas. 172 Upper Devonian 
1959 Chemung County, NY Well yielded natural gas. 128 Upper Devonian 
1959 Chemung County, NY Water contains natural gas. 80 Upper Devonian 
1959 Chemung County, NY Water contains natural gas. 100 Upper Devonian 
1959 Chemung County, NY Water contains natural gas. 80 Upper Devonian 
1959 Chemung County, NY Quicksand ignited during drilling. 96 Upper Devonian 
1961 Sullivan County, NY Methane gas reported at 460ft. Two gas explosions during drilling. 492 Catskill 
1961 Sullivan County, NY Well reportedly penetrated pocket of natural gas. 208 Catskil l 
1963 Delaware County, NY Water contains flammable gas. 505 Catskill 
1963 Delaware County, NY Well penetrated pocket of flammable gas when drilled. 420 Catskill 
1963 Delaware County, NY Water contains flammable gas. 296 Catskill 
1965 Wyoming County, Pa. Natural gas. -2,600 Lock Haven 
1966 Lackawanna County, Pa. Methane gas encountered. n/a Catskill 
1969 Lycoming County, Pa. Natural gas. -2,700 Lock Haven 
1975 Lackawanna County, Pa. Methane found in flowing water well. 175 Catskill 
1975 Lackawanna County, Pa. Well has gas. Well shown on figure in reference not identified. 250 Catskill 
1975 Lackawanna County, Pa. Well has gas. Well shown on figure in reference not identified. 320 Catskill 
1975 Lackawanna County, Pa. Water well contains methane. 198 Catskill 
2007 lioga County, Pa. Combustible gas present. 220 Lock Haven 
2007 lioga County, Pa. Combusti ble gas present. 135 Lock Haven 
2007 Lawrence, lioga counties, Pa. Combustible gas present. 83 Lock Haven 
2010 Chemung, lioga, Broome 

counties, NY Gas reported in more than 10 water wells. various Lock Haven 

of methane gas encountered at depths ranging from 80 to 
800 ft below grade in the Catskill or Lock Haven, dating to 

recent years, are indicated on Table l and Fig. 3. 
Geologic studies suggest that , during deep burial of the 

Upper Devonian 270 million to 290 million years ago,22 oil 
within the organic rich strata of the Catskill and Lockhaven 
formations was cracked to gas. This gas was subsequently 
expelled and accumulated in overlying and adjacent sand­
stone stratum within the same formations 22 

This finding is supported by the observation of numerous 
lenses of organic material in sandstone (bluestone) quarries 
and outcrops in Susquehanna County (Fig. 4). These organic 
seams have a measured vitrinite reflectance of 2.02 , within 
the range sufficient to produce dry gas from organic mate­
rial. 23 

A systematic and consistent fracture (i.e., joint) network 
is also observed in Upper Devonian bedrock exposures 
throughout the region 1 5 The locations of valleys and draws 
are commonly observed to be controlled by these fractures 
and joints15 Vertical fracture planes are primarily orient­
ed north-south, with penetrative planar fractures cutting 
through both the sandstone and shale beds of the Catskill 
formation 24 Inferior fracture sets are oriented west-east, 
northeast-southwest , and northwest-southeast, and stress 
relief fractures and bedding plane partings are also devel-
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oped in the area13 Iron staining and other mineral precipi­
tation is abundant along the north-south oriented fracture 
surfaces, serving as evidence of ground water flow via the 
fracture planes. 

The LiDAR map shows various linear trends that are often 
related to near-surface fracturing, faulting, and glacial ero­
sion patterns. Some surface drainages are observed to closely 
follow these lineations , such as Wyalusing Creek, a tribu­
tary of the Susquehanna River, which exhibits orthogonal 
drainage patterns that exemplify the relationship of surface 
drainages and regional geomorphology to existing fracture 
networks and surface fold trends. 

Historical salt water and mineral springs are coincident 
with these predominant lineations, likely indicating that the 
fracture networks are continuous from the ground surface 
to the depth of the more brackish Lock Haven lithologies 13 

Water wells completed in these fractured , gas-charged 
sandstones can therefore be expected to encounter gas of 
thermogenic origin. Water well drillers report that methane 
gas is frequently encountered while drilling water wells in 
Susquehanna County, particularly in lowland areas 2 

In addition, the Pennsylvania DEP and other state of 
Pennsylvania agencies have issued guidelines recommend­
ing the routine venting of water wells due to the potential for 
methane gas accumulation from natural sources 2 5 
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COMPARISON OF SUSQUEHANNA COUNTY METHANE ISOTOPIC SIGNATURES FIG. 6 
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The elevated levels of dissolved methane observed within 
valleys in Susquehanna County could be related to two pos­
sible geologic sources. 

First, faults and fractures in the Upper Devonian Catskill 
and Lock Haven formations , which act as natural weak 
points for the formation of valleys, can serve as likely path­
ways for the transport of thermogenic methane from Upper 
Devonian formations into the shallow subsurface, present­
ing as seeps and springs in lowland areas (e.g. , Salt Springs 
State Park). 

In addition, the thicker alluvial deposits in valleys may 
serve to impede or confine the upward diffusion of thermo­
genic methane gas from the underlying Upper Devonian de­
posits , thereby contributing to elevated methane concentra­
tions in the shallow subsurface. 

The fact that uncased "openhole" water wells commonly 
draw water from multiple stratigraphic units and fracture 
zones at depth lends support to the potential thermogen­
ic (vs. biogenic) origin of the methane gas, particularly for 
wells that extend to the depth of the Catskill sandstone. 
However, as valleys exhibit a greater accumulation of allu­
vial sediments than surrounding areas , natural biodecay of 
the organic material in peats and other sediments could also 
contribute biogenic gas to local groundwater. 

Isotope analysis of water well gas 
Isotope and other compositional analyses are useful tools for 
discerning between biogenic and thermogenic gas sources, 
as well as different sources of thermogenic gas in the sub­
surface.26 
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To characterize gas sources within water wells in Susque­
hanna County, isotopic data have been reviewed from 5 gas 
wells , 14 water wells , and one natural spring sampled by 
the Pennsylvania DEP and Cabot , as well as 9 water well 
samples analyzed in the same area during the recent study 
by the team from Duke University. 1 

During 2009 and 2010, in response to elevated meth­
ane concentration measurements in water wells in the town 
of Dimock in Susquehanna County, the Pennsylvania DEP 
conducted stable isotope and compositional analyses of gas­
es from nearby shale gas extraction wells as part of an effort 
to determine the source of this stray gas migration (Fig. 5). 

Based on a comparison of Marcellus production gases to 
overlying Upper and-or Middle Devonian gases encountered 
within the open annulus of a wellbore , the Pennsylvania 
DEP determined that the isotopic signatures of shallower 
thermogenic Upper/Middle Devonian gases and deeper Mar­
cellus Shale production gases, although similar, are distin­
guishable in this area 27 28 

The distinction between Marcellus and overlying Upper! 
Middle Devonian shale gases was based on a combination 
of carbon and hydrogen isotopic compositions of methane, 
which are typically expressed as o13C and o2H values. These 
o13C and o2H values proved to be valuable geochemical fin­
gerprinting tools for identifying the subtle differences be­
tween shallower and deeper thermogenic sources in the Di­
mock area. 

Differences in carbon and hydrogen isotopic composi­
tions may be attributed to the increased thermal alteration 
experienced by organic matter in deeper formations , which 
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ISOTOPIC SIGNATURES OF DISSOLVED METHANE FROM ADDITIONAL WATER WELLS AND A SALT SPRING FIG. 7 
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can result in progressively more positive o13C and o2H values 
of methane that plot along a "thermal maturation pathway" 
trend29-31 Additionally, different sources of organic matter 
may result in distinct stable isotope compositions. 

Upper and Middle Devonian gases overlying the Marcel~ 
lus may also be distinguishable based upon isotope analy~ 
ses; however, in the Pennsylvania DEP study, the open well 
annulus connected these two zones and did not facilitate 
separate analyses. 

The Pennsylvania DEP also analyzed groundwater sam­
ples from five local water wells for the matching suite of dis~ 
solved gas parameters, all of which were determined to be 
consistent with either Upper/Middle Devonian gases or just 
Upper Devonian gases overlying the Marcellus by the Penn­
sylvania DEP. 

Several of the water wells were sampled multiple times, 
resulting in ll total samples as shown on Fig. 6, which plots 
the isotopic signatures of gases identified as Marcellus, over­
lying Upper/Middle Devonian, and Upper Devonian. It is 
important to note that these isotopic signatures are repre~ 
sentative of the study area and may vary regionally across 
the Appalachian basin. Specifically, other studies of thermo­
genic gas in different parts of Pennsylvania and the Appa~ 
lachian basin have found the stable isotopic signatures of 
gases from the Marcellus and shallower Middle and Upper 
Devonian deposits to be less distinguishable 31 

In 2009 and 2010, the Pennsylvania DEP and Cabot ana~ 
lyzed additional dissolved methane samples from nine more 
water wells in the Dimock area for the isotopic and composi­
tional signatures of gases. Cabot also analyzed two samples 
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of dissolved methane from a natural spring in Salt Springs 
State Park, which is the location of well known historic gas 
seeps. Several of the wells and the spring were sampled mul­
tiple times, amounting to 23 total samples (Fig 7). 

The results of these analyses show that the methane gas 
in seven of the nine water wells exhibited an isotopic sig-­
nature consistent with that of thermogenic gas from the 
shallow Upper/Middle Devonian and Upper Devonian gas 
sources, i.e., less thermally mature than Marcellus gas. 

Two of the nine wells exhibited an isotopic signature con­
sistent with biogenic gas that may have undergone oxidation 
or potentially mixed with small amounts of thermogenic 
gas , two processes that would serve to increase the o13C and 
o2H values. The isotopic signature of methane in the natural 
spring in Salt Springs State Park also appears thermogenic 
in origin, though the more negative o13C and o2H values may 
indicate slight mixing with biogenic methane (Fig. 7). Infor~ 
mation regarding the results of isotope and compositional 
analyses, as well as construction details of all 14 water wells 
sampled for isotope analyses by the Pennsylvania DEP and 
Cabot is provided in Table 2. 

Of the 14 water wells sampled for isotope analyses by the 
Pennsylvania DEP and Cabot, ll were located in valleys. 
Comparison of the methane concentrations in these lowland 
wells to those located in uplands supports the observation 
that higher methane concentrations are typically found in 
lowland water wells (Table 2). 

The biogenic nature of gas originating from alluvium and 
glacial till vs. the thermogenic nature of gas migrating from 
Upper Devonian sandstone deposits is illustrated by the ex-
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ample in Fig. 8. As shown in the figure , three of the wells 
sampled for isotope analyses (water wells 10, ll, and 12) are 
located in the same valley in close proximity to one another 
and a neighboring gas well drilled in 2008 prior to sam­
pling. (This figure also shows the locations, dissolved meth­
ane concentrations, and total depths of nine other proximate 
water wells sampled after drilling of the local gas well. How­
ever, these wells were not sampled for isotope analyses.) 

It is important to note that although the dissolved meth­
ane concentrations and the locations of the three wells 
sampled for isotope analyses are relatively similar, the iso­
topic signatures of the methane are consistent with different 
sources. Water wells ll and 12, for which available informa­
tion indicates total well depths ranging from 30 to 120 ft 
terminating in shallow alluvium or glacial till , contain bio­
genic or mixed biogenic/thermogenic methane. In contrast, 
the remaining water well (water well10) contains principally 
thermogenic methane consistent with that of Upper Devo­
nian deposits. 

Available information indicates this water well was drilled 
to a deeper depth of 175 ft into sandstone of the underlying 
Catskill formation. The presence of thermogenic methane 

RESULTS OF ISOTOPIC AND COMPOSITIONAL ANALYSES 
AS WELL AS CONSTRUCTION DETAILS* 

Most 
Date of recent 

Location most methane 
type, recent concen-

valley vs. Well methane !ration, 
WeiiiD upland depth, It sampling ppb 

Water well1 Valley Unknown 12/7/2010 36 ,500 
Waterwell2 Valley 500 12/7/2010 48,500 
Waterwell3 Valley 300 8/11/2011 31,900 
Waterwell4 Valley 250 9/15/2011 8,540 
Waterwell5 Valley 250 7/29/2011 3,180 
Waterwell6 Upland 425 9/15/2011 5,350 
Water well 7 Upland 540 8/9/2011 402 
Water well 8 Upland 500 8/9/2011 <26 
Water well 9 Valley 225 1/28/2010 23,600 
Water well 10 Valley 175 8/17/2011 28,000 
Water well 11 Valley 120 8/17/2011 13,000 

Water well 12 Valley 30 8/11/2011 26,100 

Water well 13 Valley 225 12/21/2009 22,000 
Water well 14 Valley Unknown 9/10/2010 24,000 

the Pennsylvania DEP. 
Hypothetically, a similar isotopic signature could be cre­

ated by a mixture of Marcellus shale gas with methane from 
other sources, i.e., shallower Devonian gases and-or biogenic 
methane. Nevertheless, an assumption that Marcellus shale 
gas is the primary source of the thermogenic gas observed in 
these water wells is not supported by other lines of evidence 
in this region. Principally, historical and geological docu­
ments suggest that gases in the Catskill formation, which 
contains extensive fracture networks and is the primary wa­
ter·-bearing aquifer tapped by local water wells, are a more 
likely source. 

Review of Duke University 2011 study 
In 2010, Duke University researchers sampled 18 water 
wells in Susquehanna County to determine whether fractur­
ing fluids or methane gases from deep shale gas formations 
had impacted shallow groundwater aquifers 1 

The paper presented dissolved gas concentrations for all 
18 water wells and carbon and hydrogen isotopic data for 9 
samples, as shown on a supplemental plot. Thirteen of the 
18 water wells were in "active gas-extraction areas," defined 

by the Duke researchers as located 
within 1 km or less of the nearest gas 

Table2 well , and five of the water wells were 

Isotopic 
signature 
classi-

fication, 
thermogenic 
vs. biogenic 

Thermogenic 
Thermogenic 
Thermogenic 
Thermogenic 
Thermogenic 
Thermogenic 
Thermogenic 
Thermogenic 
Thermogenic 
Thermogenic 
Biogenic or mixed bio-
genic/thermogenic 

Biogenic or mixed bio-
genic/thermogenic 

Thermogenic 
Thermogenic 

in "nonextraction" areas, defined as 
greater than 1 km away from the near­
est gas well. 

The researchers reported that meth­
ane concentrations in "active gas-ex­
traction areas" were significantly high­
er than those in "nonextraction" areas. 
Isotope and compositional analyses of 
these elevated methane concentrations 
indicated the geochemical fingerprint 
to be consistent with a "thermogenic" 
gas source. 

*Results from 14 water wells sampled for isotopic analyses by the Pennsylvania DEP and Cabot. 

Within water wells located in "non­
extraction" areas , average methane 
concentrations were reported to be 
lower than water wells located close to 

in wells installed in the deeper Catskill sandstones is sup­
ported by data from the other ll water wells sampled for 
isotope analyses by the Pennsylvania DEP and Cabot (Table 
2), all of which appear to penetrate the Catskill formation 
and contain methane with isotopic compositions consistent 
with a thermogenic source. 

As noted above, the isotopic signatures of the dissolved 
methane samples plotted in Figs. 6 and 7 fall within the 
range of isotope values consistent with an Upper or Middle 
Devonian source overlying the Marcellus , as established by 
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gas wells and the methane composi­
tion was predominantly of mixed ther­
mogenic/biogenic origin. 

Given the higher concentrations and thermogenic nature 
of methane in water wells proximate to shale gas wells , the 
Duke researchers asserted that hydraulic fracturing opera­
tions were facilitating the migration of deep thermogenic gas 
from the Marcellus and Utica shales into shallow drinking 
water aquifers in Susquehanna County. The study recom­
mended increased monitoring and regulation of hydraulic 
fracturing operations to address such impacts. 

The Duke study does not provide information regarding 
the locations of the sampled wells with respect to topogra-
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DISSOLVED METHANE CONCENTRATIONS OF 12 WATER WELLS SAMPLED AFTER DRILLING OF A GAS WELL FIG. 8 

CH 4 = methane 
ft =feet 

N/A = not avai I able 
ppb =parts per billion 
TD =total depth 

CH4 = Not detected 
TO -150ft 

CH4 = 0.23 ppb 
TO - 300ft 

phy or the depths of the wells with respect to the Catskill 
formation. Therefore, we cannot evaluate their data with re­
gard to these important factors. In addition, Duke only pro­
vides both o13C and o2H values only for wells in their active 
gas extraction areas in Susquehanna County, which does not 
facilitate characterization of the dissolved methane from wa­
ter wells in nonextraction areas using these fingerprinting 
criteria. 

However, comparison of the isotopic data presented in 
the Duke paper for wells in active gas-extraction areas to the 
isotopic gas characterization defined by Pennsylvania DEP 
and Cabot shows that eight of the nine water wells exhibit 
an isotopic signature consistent with thermogenic methane 
from the Upper or Middle Devonian deposits overlying the 
Marcellus shale (Fig. 9) 

These data suggest that shallower Upper and Middle De­
vonian gases could account for the methane in the majority 
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of the Duke water well samples without any contribution 
from Marcellus gas or the related hydraulic fracturing opera­
tions. At a minimum, given the similar signatures of shal­
lower Upper/Middle Devonian gases and Marcellus shale 
gas , the conclusion of the Duke study that the thermogenic 
methane observed in these water wells was consistent with a 
Marcellus source was premature. 

Our finding is based upon the limited isotopic data pro­
vided in the Duke paper. Future analyses, which may in­
clude a more complete suite of isotope data such as o13C and 
o2H values of ethane, propane, and other higher value chain 
hydrocarbons, will likely provide a more comprehensive 
characterization of gases from the Marcellus shale and shal­
lower Middle and Upper Devonian deposits in this area. 

The Duke researchers discuss three possible mechanisms 
for thermogenic methane migration into shallow drinking 
water aquifers: i) the displacement of gas-rich fluids from 
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DUKE 2010 STUDY IN SUSQUEHANNA COUNTY FIG. 9 
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In either case, the assertion by the 
Duke study that hydraulic fracturing 
of the Marcellus shale is contributing 
thermogenic methane to local water 
wells and shallow regional groundwa­
ter is unsubstantiated given the lines 
of evidence discussed in this paper. 
Rather, it appears that thermogenic 
methane encountered in water wells is 
related to the shallower Upper and-or 
Middle Devonian gases. 
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Upper Devonian thermogenic gas will 
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migration or other water quality is­
sues. 
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deep target formations, ii) enhanced migration of gas via 
newly created fractures , and iii) casing leaks from gas pro­
duction wells. 

The Duke study found no evidence of salinity impacts 
on the drinking water wells , indicating that fluid migration 
from the gas production zone had not occurred. 

The comparable thermogenic isotopic signature of Upper 
Devonian gas to that observed in the water wells sampled by 
the Duke team, in conjunction with the much greater prox­
imity of the Upper Devonian shales to the drinking water 
aquifers , suggests that the Upper Devonian is a more plau­
sible source of the observed methane than upward migration 
of deep Marcellus gas via newly created fractures. 

Furthermore, our evaluation of over 1,700 methane con­
centrations in gas production vs. nonproduction areas shows 
no relationship between dissolved methane and oil and gas 
activities , which is consistent with the fact that casing leaks, 
when and if they occur, would have only a localized effect 

Significance of findings 
This study demonstrates that elevated methane concentra­
tions in water wells in Susquehanna County are common 
and are correlated with topography rather than proximity to 
oil and gas operations, suggesting a geologic origin. 

Consideration of regional geology, historical publications, 
water well completion records, and recent isotopic analyses 
indicates that naturally occurring methane is either ther­
mogenic, originating from deposits overlying the Marcellus 
shale, or biogenic, originating from alluvial or glacial drift 
deposits 
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To minimize potential impacts 

from shale gas wells, the Pennsylvania 
DEP has recently issued new regula­
tions regarding the sealing, prevention 

and reporting of overpressurization, and inspection of gas 
production wells 32 

Evaluating methane gas 
sources in groundwater 
The evaluation presented in this article underscores the val­
ue of a "multiple-lines-of-evidence" approach for site-specif­
ic investigation of stray gas incidents. 

Important lines of evidence include knowledge of under­
lying geologic stratigraphy, structure, and existing fracture 
systems; construction and completion details for the affected 
water wells and nearby gas production wells; historic in­
formation regarding prior stray gas incidents and evidence 
of naturally-occurring gas seeps; and prior analyses of the 
composition and isotopic signatures of gas sources. 

As observed in this case, thermogenic gas can be sourced 
from various formations containing gases with carbon and 
hydrogen isotopic composition that may exhibit subtle vari­
ations. Complementing the isotopic analysis with character­
ization of the mass ratios of methane to ethane and to other 
higher chain hydrocarbons, as well as ratios of methane con­
centrations to those of carbon dioxide, nitrogen, and other 
gases, may provide greater resolution in some cases. 

Careful consideration of the correct source of methane 
impacts , on a site-specific basis , is important for develop­
ment of appropriate response actions for protection of water 
resources. 
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auction of shale-gas acreages for explo­
ration by mid-2012. India's upstream 
regulator, Directorate General of Hy­
drocarbons (DGH), is drafting an ap­
proach paper with international ex­
perts on shale-gas exploitation. 

Early this year senior officials at 
DGH said they had identified six ba­
sins for resource assessment in the first 

phase. A task force has been working 
on a policy framework. 

A robust shale-gas policy is likely 
by the beginning of next year but sev­
eral issues may delay the policy. Is­
sues include land use, environmental 
concerns, and simultaneous shale gas 
and conventional oil and gas exploita­
tion. [ill!] 
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